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ENVELOPE TRACKING METHOD AND
MOBILE TERMINAL

FIELD OF THE INVENTION

The present disclosure relates to the field of communica-
tion technologies, and 1n particular, to an envelope tracking,
method and a mobile terminal.

BACKGROUND OF THE INVENTION

With the application of LTE (Long Term Evolution),
mobile communication has achieved unprecedented growth
in data throughput. However, the requirements for battery
performance of a mobile terminal have also increased. A
power amplifier 1s one of the devices having the highest
power consumption in the mobile terminal. Envelope track-
ing technology can improve the efliciency of the power
amplifier while ensuring the linearity of high peak-to-aver-
age power ratio input signals of the power amplifier, and 1ts
combination with pre-distortion technology can greatly
reduce the communication current of the mobile terminal.
However, envelope tracking sampling bandwidth of the
existing envelope tracking technology 1s limited by operat-
ing bandwidth of an envelope tracking power supply, which
results in the low data throughput of the envelope tracking
technology.

SUMMARY OF THE INVENTION

The following 1s the summary of the subject matter
detalled 1n the present disclosure. The summary 1s not
intended to limit the protection scope of the claims.

Embodiments of the present disclosure provide an enve-
lope tracking method and a mobile terminal, which solve the
problem that the existing envelope tracking technology has
a low data throughput.

An embodiment of the present disclosure provides an
envelope tracking method, including:

acquiring coordinates of at least two points of an 1nstan-
taneous radio frequency envelope each mapped to the same
power supply voltage value;

mapping the coordinates of the at least two points of the
instantaneous radio frequency envelope each mapped to the
same power supply voltage value to the same power supply
voltage value to generate a mapping relationship; and trans-
mitting data based on the mapping relationship.

An embodiment of the present disclosure also provides a
mobile terminal, including;

an acquisition module, configured to acquire coordinates
of at least two points of an instantaneous radio frequency
envelope each mapped to the same power supply voltage
value;

a generation module, configured to map the coordinates of
the at least two points of the instantaneous radio frequency
envelope each mapped to the same power supply voltage
value to the same power supply voltage value so as to
generate a mapping relationship; and

a transmission module, configured to transmit data based
on the mapping relationship.

An embodiment of the present disclosure also provides a
computer storage medium storing one or more programs
executable by a computer, the one or more programs, when
executed by the computer, causing the computer to execute
the envelope tracking method provided above.
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The above solutions have the following advantages or
beneficial etfects:

Coordinates of at least two points of an instantaneous
radio frequency envelope each mapped to the same power
supply voltage value are acquired; the coordinates of the at
least two points of the instantaneous radio frequency enve-
lope each mapped to the same power supply voltage value
are mapped to the same power supply voltage value to
generate a mapping relationship; and data 1s transmitted
based on the mapping relationship. As such, a software
algorithm 1s applied 1n the present disclosure to map the
coordinates of the at least two points of the instantaneous
radio frequency envelope each mapped to the same power
supply voltage value are mapped to the same power supply
voltage value so as to generate a mapping relationship, by
mean of which compression of the instantaneous envelope
signal, and the envelope tracking sampling bandwidth 1s
equivalently increased without change the operating band-
width of the envelope tracking power supply. In this way, the
envelope tracking sampling bandwidth can carry more enve-
lope signals while transmitting data based on the above-
mentioned mapping relationship, so that the throughput of
data 1s 1ncreased.

Other aspects will be apparent upon reading and under-
standing the accompanying drawings and detailed descrip-
tions.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a flow chart of an envelope tracking method
according to an embodiment of the present disclosure;

FIG. 2 1s a simplified block diagram of an applicable
envelope tracking system according to an embodiment of the
present disclosure;

FIG. 3 1s a schematic diagram of an instantaneous radio
frequency envelope according to an embodiment of the
present disclosure; and

FIG. 4 1s a schematic diagram of a structure of a mobile
terminal according to an embodiment of the present disclo-
sure.

DETAILED DESCRIPTION OF TH.
EMBODIMENTS

L1l

The present disclosure will be described in detail below
with reference to the accompanying drawings and specific
embodiments.

As shown m FIG. 1, an embodiment of the present
disclosure provides an envelope tracking method, including
the following steps.

Step S101, coordinates of at least two points of an
instantaneous radio frequency envelope each mapped to the
same power supply voltage value are acquired.

In this step, the instantaneous radio frequency envelope 1s
a periodic signal, and the coordinates of the points of the
instantaneous radio frequency envelope may be either coor-
dinates of sampling points 1n the stantaneous radio ire-
quency signal, or coordinates of points which are not
sampled 1n the mstantaneous radio frequency signal, which
1s not limited herein.

In an embodiment, the coordinate may include a time
point and an 1nput radio frequency signal value correspond-
ing to the time point to calibrate a position of each point 1n
the instantaneous radio frequency envelope signal. The input
radio frequency signal value may include an amplitude value
and a polarity of an input radio frequency signal, which 1s
not limited herein.

For convenience of understanding, the embodiment of the
present disclosure 1s exemplified by acquiring coordinates of
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four points of an instantanecous radio Irequency envelope
cach mapped to the same power supply voltage value, but
the acquisition number of coordinates of points of the
instantaneous radio frequency envelope each mapped to the
same power supply voltage value 1s not limited in the present 5
disclosure. Rather, before step S102 1s performed, the sys-
tem may also preset a minimum and/or a maximum of the
acquisition number, which may be determined according to
the practical application, and 1s not limited herein.

In the embodiment of the present disclosure, the coordi- 10
nates and the power supply voltage values are respectively
represented by English letters. FIG. 3 shows a schematic
diagram of an instantaneous radio frequency envelope signal
according to an embodiment of the present disclosure,
wherein the envelope 1s a standard sinusoidal envelope. 15
Because that amplitudes are identical at point A, point B,
point C and point D, and that coordinate Al of point A,
coordinate B1 of point B, coordinate C1 of point C and
coordinate D1 of point D each can be mapped to the same
power supply voltage value, denoted as F, 1.e., (Al—F), 20
(B1—F), (C1—=F), (D1—F), then 1n this step, the coordi-
nates Al, B1, C1 and D1 respectively corresponding to the
points A, B, C and D 1n the sinusoidal envelope need to be
acquired. In other embodiments, the points A, B, C and D
may be in different periods. 25

In an embodiment, step S101 may further include:

a first mapping set 1s generated 1in which the coordinates
of the at least two points of the instantaneous radio ire-
quency envelope each mapped to the same power supply
voltage value are acquired, wherein the first mapping set 30
includes coordinates of points of the instantaneous radio
frequency envelope and power supply voltage values which
are 1n a relationship of one-to-one mapping.

For example, the coordinates of points of the instanta-
neous radio frequency envelope signal generated by an 1Q) 35
signal are first mapped to the power supply voltage values 1n
a one-to-one manner. In an embodiment of the present
disclosure, the coordinates of points of the instantaneous
radio frequency envelope signal may be mapped, through an
envelope profiling table, to the power supply voltage values 40
1in a one-to-one manner, wherein the envelope profiling table
generally has a “de-trough™ characteristic to avoid the value
of the power supply voltage which tracks the imstantaneous
radio frequency envelope drops to 0 V. The embodiment of
the present disclosure does not limit the specific implemen- 45
tation of one-to-one mapping between the coordinates of
points ol the mstantaneous radio frequency envelope signal
and the power supply voltage values.

After the first mapping set 1s generated, the coordinates of
at least two points of the instantaneous radio Irequency 50
envelope each mapped to the same power supply voltage
value are acquired in the first mapping set.

In an embodiment, step S101 may further include:

the coordinates of the at least two points of the instanta-
neous radio frequency envelope each mapped to the same 55
power supply voltage value are acquired 1n a pre-obtained
first mapping set, wherein the pre-obtained first mapping set
includes coordinates of points of the instantanecous radio
frequency envelope and power supply voltage values which
are 1n a relationship of one-to-one mapping. 60

Step S102, the coordinates of the at least two points of the
instantaneous radio frequency envelope each mapped to the
same power supply voltage value are mapped to the same
power supply voltage value to generate a mapping relation-
ship. 65

In step S101, the coordinates of the at least two points of
the instantaneous radio frequency envelope each mapped to

4

the same power supply voltage value are acquired. As
described 1n step S102, 1f the coordinates of four points (i.e.,
Al, B1, C1 and D1) of the instantaneous radio frequency
envelope each mapped to the same power supply voltage
value F are acquired, then Al, B1, C1 and D1 are mapped
to the same power supply voltage value F 1n this step, 1.¢.,
(Al, B1, C1, D1—F), so as to generate a mapping relation-
ship. As such, the power supply voltage value F 1s mapped
to the coordinates Al, B1, C1 and D1 of the points of the
instantaneous radio envelope. Compared to the one-to-one
mapping, the power supply voltage value F 1s increased by
four times of the coordinates of the mapped points of the
envelope.

Step S103, data 1s transmitted based on the mapping
relationship.

In the mapping relationship, the coordinates of the at least
two points of the instantaneous radio frequency envelope
cach mapped to the same power supply voltage value has
been mapped to the same power supply voltage value to
generate a mapping relationship. Thus, when data 1s trans-
mitted based on the mapping relationship, the data corre-
sponding to the coordinates of the at least two points of the
instantaneous radio frequency envelope each mapped to the
same power supply voltage value can be transmitted via an
envelope sampling bandwidth corresponding to the mapped
same power supply voltage value, so that the envelope
tracking sampling bandwidth can carry more envelope sig-
nals and transmit more data, that 1s, the bandwidth 1s
equivalently 1ncreased.

In an embodiment, a second mapping set between the
coordinates of points of the instantaneous radio frequency
envelope and the power supply voltage values may be
generated based on the mapping relationship so as to trans-
mit data. For example, the second mapping set includes at
least one mapping relationship, and the more mapping
relationships are included in the second mapping set, the
more envelope signals can be carried by the envelope

tracking sampling bandwidth, and the more data can be thus
transmuitted.

The envelope tracking method of the present embodiment
1s applied to an envelope tracking system as shown 1n FIG.
2, but 1s not lmited to the envelope tracking system as
shown 1n FIG. 2. FIG. 2 shows a simplified block diagram
of an applicable envelope tracking system according to an
embodiment of the present disclosure, including: a delay
adjustment module 21, a radio frequency boost converter 22,
a power amplifier 23, an envelope detector 24, a mapping
module 25, and an envelope tracking power supply 26.

For example, a test envelope tracking device will input an
IQ (In-phase Quadrature) signal and an envelope signal to
the power amplifier 23, wherein the 1Q) signal 1s transmitted
from the delay adjustment module 21 to the power amplifier
23 through the radio frequency boost converter 22. The
envelope signal 1s an instantaneous radio frequency signal
generated by the envelope detector 24 sampling absolute
amplitudes of the IQ signal. Further, in order to ensure a
smooth waveform, 3 to 6 times oversampling 1s usually
used, so that power input of the power amplifier 23 can be
adjusted. To maximize the efficiency of the power amplifier
23, the envelope signal (1.e., the original envelope data)
output by the envelope detector 14 1s mapped 1n the mapping
module 25 to power supply voltages, and then 1s applied to
the envelope tracking power supply 26. In this way, the
voltage of the power supply applied to the power amplifier
23 1s dynamically adjusted according to the “envelope™ of
the 1iput signal of the power amplifier 23.
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In the present embodiment, coordinates of at least two
points of an instantaneous radio frequency envelope each
mapped to the same power supply voltage value are
acquired; the coordinates of the at least two points of the
instantaneous radio frequency envelope each mapped to the
same power supply voltage value are mapped to the same
power supply voltage value to generate a mapping relation-
ship; and data 1s transmitted based on the mapping relation-
ship. As such, a software algorithm 1s applied 1n the present
disclosure to map the coordinates of the at least two points
of the mstantaneous radio frequency envelope each mapped
to the same power supply voltage value to the same power
supply voltage value so as to generate a mapping relation-
ship, by mean of which compression of the instantaneous
envelope signal 1s achieved, and the envelope tracking
sampling bandwidth 1s equivalently increased without
change the operating bandwidth of the envelope tracking
power supply. In this way, the envelope tracking sampling
bandwidth can carry more envelope signals while transmit-
ting data based on the above-mentioned mapping relation-
ship, so that the throughput of data 1s increased.

FIG. 4 shows a schematic diagram of a structure of a
mobile terminal according to an embodiment of the present
disclosure, wherein the mobile terminal 40 includes:

an acquisition module 41, configured to acquire coordi-
nates of at least two points of an instantaneous radio
frequency envelope each mapped to the same power supply
voltage value;

a generation module 42, configured to map the coordi-
nates of the at least two points of the instantaneous radio
frequency envelope each mapped to the same power supply
voltage value to the same power supply voltage value to
generate a mapping relationship; and

a transmission module 43, configured to transmit data
based on the mapping relationship.

In an embodiment, the acquisition module 41 may be
turther configured to generate a first mapping set in which
the coordinates of the at least two points of the instantaneous
radio frequency envelope each mapped to the same power
supply voltage value are acquired, wherein the first mapping
set includes coordinates of points of the instantaneous radio
frequency envelope and power supply voltage values which
are 1n a relationship of one-to-one mapping.

In an embodiment, the acquisition module 41 may be
turther configured to acquire 1n a pre-obtained first mapping
set the coordinates of the at least two points of the instan-
taneous radio frequency envelope each mapped to the same
power supply voltage value, wherein the pre-obtained first
mapping set includes coordinates of points of the 1nstanta-
neous radio frequency envelope and power supply voltage
values which are 1n a relationship of one-to-one mapping.

In an embodiment, the transmission module 43 may be
turther configured to generate, based on the mapping rela-
tionship, a second mapping set between the coordinates of
points of the mstantaneous radio frequency envelope and the
power supply voltage values so as to transmit data.

In an embodiment, the coordinate may include a time
point and an input radio frequency signal value correspond-
ing to the time point.

The mobile terminal 40 can implement the respective
processes 1n the method embodiment of FIG. 2 and achieve
the same beneficial eflects. For the sake of simplicity, details
are not repeated herein.

The mobile terminal according to the embodiment of the
present disclosure includes: an acquisition module, config-
ured to acquire coordinates of at least two points of an
instantaneous radio frequency envelope each mapped to the
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6

same power supply voltage value; a generation module,
configured to map the coordinates of the at least two points
of the mstantaneous radio frequency envelope each mapped
to the same power supply voltage value to the same power
supply voltage value to generate a mapping relationship; and
a transmission module, configured to transmit data based on
the mapping relationship. As such, a soltware algorithm 1s
applied 1n the present disclosure to map the coordinates of
the at least two points of the instantaneous radio frequency
envelope each mapped to the same power supply voltage
value are mapped to the same power supply voltage value so
as to generate a mapping relationship, by mean of which
compression of the instantaneous envelope signal 1s
achieved, and the envelope tracking sampling bandwidth 1s
equivalently increased without change the operating band-
width of the envelope tracking power supply. In this way, the
envelope tracking sampling bandwidth can carry more enve-
lope signals while transmitting data based on the above-
mentioned mapping relationship, so that the throughput of
data 1s increased.

A person of ordinary skill in the art may understand that
all or some of the steps of the method 1n the above
embodiment may be realized by a program instructing
relevant hardware. The program may be stored in a com-
puter readable medium. The program, when executed,
includes the following steps:

coordinates of at least two points of an instantaneous
radio frequency envelope each mapped to the same power
supply voltage value are acquired;

the coordinates of the at least two points of the 1nstanta-
neous radio frequency envelope each mapped to the same
power supply voltage value are mapped to the same power
supply voltage value to generate a mapping relationship; and

data 1s transmitted based on the mapping relationship.

In an embodiment, the step of acquiring coordinates of at
least two points of an 1nstantaneous radio frequency enve-
lope each mapped to the same power supply voltage value
may 1nclude that: a first mapping set 1s generated 1n which
the coordinates of the at least two points of the instantaneous
radio frequency envelope each mapped to the same power
supply voltage value are acquired, wherein the first mapping,
set includes coordinates of points of the instantaneous radio
frequency envelope and power supply voltage values which
are 1n a relationship of one-to-one mapping.

In an embodiment, the step of acquiring coordinates of at
least two points of an instantaneous radio frequency enve-
lope each mapped to the same power supply voltage value
may 1nclude that: the coordinates of the at least two points
of the mstantaneous radio frequency envelope each mapped
to the same power supply voltage value are acquired 1n a
pre-obtained first mapping set, wherein the pre-obtained first
mapping set includes coordinates of points of the 1nstanta-
neous radio frequency envelope and power supply voltage
values which are 1n a relationship of one-to-one mapping.

In an embodiment, the step of transmitting data based on
the mapping relationship may include that: a second map-
ping set between the coordinates of points of the instanta-
neous radio frequency envelope and the power supply
voltage values 1s generated based on the mapping relation-
ship so as to transmait data.

In an embodiment, the coordinate may include a time
point and an 1nput radio frequency signal value correspond-
ing to the time point.

A person of ordinary skill in the art could appreciate that
all or some of the steps of the methods and the functional
modules/units 1n the systems or devices disclosed above
may be implemented as soitware, firmware, hardware, and
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appropriate combinations thereof. In a hardware implemen-
tation, the division between the functional modules/unaits
mentioned above does not necessarily correspond to the
division of physical components. For example, one physical
component may have multiple functions, or one function or
step may be collaboratively executed by a plurality of
physical components. Some or all of the components may be
implemented as software executed by a processor, such as a
digital signal processor or a microprocessor, or implemented
as hardware, or implemented as an integrated circuit, such as
an application-specific integrated circuit. Such software may
be distributed on a computer readable medium, which may
include computer storage media (or non-transitory media)
and communication media (or transitory media). As known
to those of ordinary skill in the art, the term computer
storage medium may include volatile and nonvolatile,
removable and non-removable media implemented by any
method or technology for storing information (such as
computer readable instructions, data structures, program
modules or other data). The computer storage medium
includes, but 1s not limited to, an RAM, an ROM, an
EEPROM, a flash or other memory technology, a CD-ROM,
a digital video disk (DVD) or other optical disk storage, a
magnetic cartridge, a magnetic tape, a magnetic disk storage
or other magnetic storage device, or any other medium that
can be used to store the desired information and can be
accessed by a computer. Moreover, it 1s well known to those
of ordinary skill in the art that the communication media
generally include computer readable 1nstructions, data struc-
tures, program modules, or other data in modulated data
signals such as carriers or other transmission mechanism,
and may 1nclude any information transmission media.

Described above are exemplary embodiments of the pres-
ent disclosure. It should be pointed out that many 1mprove-
ments and modifications may be further made by those of
ordinary skill in the art without departing from the principle
of the present disclosure, and these improvements and
modifications shall fall within the protection scope of the
present disclosure.

INDUSTRIAL APPLICABILITY

By using the embodiments of the present disclosure,
coordinates of at least two points of an instantaneous radio
frequency envelope each mapped to the same power supply
voltage value are acquired; the coordinates of the at least two
points of the instantaneous radio frequency envelope each
mapped to the same power supply voltage value are mapped
to the same power supply voltage value to generate a
mapping relationship; and data 1s transmitted based on the
mapping relationship. As such, a software algorithm 1s
applied 1n the present disclosure to map the coordinates of
the at least two points of the instantaneous radio frequency
envelope each mapped to the same power supply voltage
value to the same power supply voltage value so as to
generate a mapping relationship, by mean of which com-
pression of the instantaneous envelope signal, and the enve-
lope tracking sampling bandwidth 1s equivalently increased
without change the operating bandwidth of the envelope

tracking power supply. In this way, the envelope tracking
sampling bandwidth can carry more envelope signals while
transmitting data based on the above-mentioned mapping
relationship, so that the throughput of data 1s increased.
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What 1s claimed 1s:

1. An envelope tracking method, comprising:

acquiring coordinates of at least two points of an instan-
taneous radio frequency envelope each having an 1den-
tical power supply voltage value (S101);

mapping the coordinates of the at least two points of the
instantaneous radio frequency envelope each having
the i1dentical power supply voltage value to the same
power supply voltage value so as to generate a mapping
relationship (S102); and

transmitting data based on the mapping relationship
(S103),

wherein the step of acquiring coordinates of at least two
points ol an instantaneous radio frequency envelope
cach having an i1dentical power supply voltage value
(5S101) comprises:
generating a first mapping set, and acquiring in the first
mapping set the coordinates of the at least two points
of the instantaneous radio frequency envelope each
mapped to the same power supply voltage value,
wherein the first mapping set includes coordinates of
points of the mstantaneous radio frequency envelope
and power supply voltage values which are 1n a
relationship of one-to-one mapping.

2. The method according to claim 1, wherein the step of
acquiring coordinates of at least two points of an 1nstanta-
neous radio frequency envelope each having an identical
power supply voltage value (S101) comprises:

acquiring, 1n a pre-acquired obtained first mapping set, the

coordinates of the at least two points of the instanta-
neous radio frequency envelope each mapped to the
same power supply voltage value, wherein the pre-
obtained first mapping set includes coordinates of
points of the istantaneous radio frequency envelope
and power supply voltage values which are 1n a rela-
tionship of one-to-one mapping.

3. The method according to claim 2, wherein the step of
transmitting data based on the mapping relationship (S103)
COmprises:

generating, based on the mapping relationship, a second

mapping set between the coordinates of points of the
instantaneous radio frequency envelope and the power
supply voltage values so as to transmit data.

4. The method according to claim 1, wherein the step of
transmitting data based on the mapping relationship (S103)
COmMprises:

generating, based on the mapping relationship, a second

mapping set between the coordinates of points of the
instantaneous radio frequency envelope and the power
supply voltage values so as to transmit data.

5. The method according to claim 1, wherein each of the
coordinates 1ncludes a time point and an input radio fre-
quency signal value corresponding to the time point.

6. The method according to claim 1, wherein the step of
transmitting data based on the mapping relationship (S103)
COmMprises:

generating, based on the mapping relationship, a second

mapping set between the coordinates of points of the
instantaneous radio frequency envelope and the power
supply voltage values so as to transmit data.

7. A mobile terminal (40), comprising;

an acquisition module (41), configured to acquire coor-

dinates of at least two points of an instantaneous radio
frequency envelope each having an identical power
supply voltage value;

a generation module (42), configured to map the coordi-

nates ol the at least two points of the instantaneous
radio frequency envelope each having the identical



US 10,879,848 B2

9

power supply voltage value to the same power supply
voltage value so as to generate a mapping relationship;
and

a transmission module (43), configured to transmit data
based on the mapping relationship,

wherein the acquisition module (41) 1s further configured
to generate a {irst mapping set 1n which the coordinates
of the at least two points of the instantaneous radio

frequency envelope each mapped to the same power
supply voltage value are acquired, wherein the first
mapping set comprises coordinates of points of the
instantaneous radio frequency envelope and power
supply voltage values which are 1n a relationship of
one-to-one mapping.

8. The mobile terminal (40) according to claim 7, wherein
the acquisition module (41) 1s further configured to acquire
in a pre-obtained first mapping set the coordinates of the at
least two points of the instantaneous radio frequency enve-
lope each mapped to the same power supply voltage value,
wherein the pre-obtained first mapping set comprises coor-
dinates of points of the instantaneous radio frequency enve-
lope and power supply voltage values which are 1 a
relationship of one-to-one mapping.

10

15

20

10

9. The mobile terminal (40) according to claim 8, wherein
the transmission module (43) 1s further configured to gen-
crate, based on the mapping relationship, a second mapping
set between the coordinates of points of the instantaneous
radio frequency envelope and the power supply voltage
values so as to transmit data.

10. The mobile terminal (40) according to claim 7,
wherein the transmission module (43) 1s further configured
to generate, based on the mapping relationship, a second
mapping set between the coordinates of points of the instan-
taneous radio frequency envelope and the power supply
voltage values so as to transmit data.

11. The mobile terminal (40) according to claim 7,
wherein each of the coordinates includes a time point and an
input radio frequency signal value corresponding to the time
point.

12. The mobile terminal (40) according to claim 7,
wherein the transmission module (43) 1s further configured
to generate, based on the mapping relationship, a second
mapping set between the coordinates of points of the instan-
taneous radio frequency envelope and the power supply
voltage values so as to transmit data.
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